Objective: To explore the influence of hyperbaric oxygen on scar formation in rabbit ears.
| INTRODUCTION
Hypertrophic scar is the most common disease in Orthopedics, especially in Asian yellow races and African Black people. The prevention and treatment of hypertrophic scars are also a problem that plagued generations of orthopedic surgeons. It has become a greater obstacle for the plastic surgery development, because it often appears in a variety of burns, trauma, and surgery.
Kischer 1 had found that hypoxia plays a very important role on the formation and development of scar in the 1970s; recently, some scholars have also found that hypoxia may be a leading cause of hypertrophic scar formation Figure 1 . 2 Hypoxia can not only improve the proliferation of fibroblasts, enhance the differentiation of collagen fibers, but also can stimulate fibroblasts to secrete some of the cytokines related to scar formation. At the same time in the occurrence and development of hypertrophic scars, low expression of apoptosis is also an important factor. 3 In this study, hyperbaric oxygen therapy was given to the hypertrophic scar model of rabbit ear to observe the role of hyperbaric oxygen in the formation of hypertrophic scar and explore the feasibility of hyperbaric oxygen in preventing hypertrophic scar formation in orthopedics.
| MATERIALS AND METHODS

| Animals
A total of 20 healthy New Zealand white rabbits, weighing 2.0~2.5 kg, were selected from Qingdao Experimental Animal
Center, all of which were fed in the temperature 25 AE 2°C, relative humidity 55 AE 2% under the conditions of single cage. Rabbit feed and drinking water were provided by the Qingdao University Affiliated Hospital Animal Laboratory.
| Experimental method
| Establishment of hypertrophic scar model of rabbit ear
Ketamine 30 mg/kg, diazepam 5 mg/kg intramuscular injection were used for anesthesia, a sterile compass was marked on the ventral side of the rabbit ear with a diameter of 1 cm in diameter, 3 on each side, and at least 1 cm apart. Then, we remove the full layer of rabbit ear skin and the perichondrium with a scalpel along the mark line, avoiding the rabbit side of the ventral ventricle visible blood vessels in the principle of aseptic operation. Each rabbit had 6 wound per ear, and 20 rabbits a total of 240 wound, which were randomly divided into control group and experimental group Figure 2 (further divided into 7d group, 14d group, 21d group, and 28d group according to the different days of hyperbaric oxygen therapy). Each group has 48 wounds and every rat with postoperative single cage. All wounds were conventionally dressed at 8 o'clock daily and were out of bandage 3 days later.
| HBO treatment
Experimental group were immediately unified in the DS-II experimental animal pressurized cabin (provided by the Department of
(E) F I G U R E 1 A, control group rabbit ear scar formation; B, experimental 7d group rabbit ear scar formation; C, experimental 14d group rabbit ear scar formation; D, experimental 21d group rabbit ear scar formation; E, experimental 28d group rabbit ear scar formation Hyperbaric Oxygen from Affiliated Hospital of Qingdao University) after the establishment of rabbit ear scar model. HBO treatment was as follows: First, the rabbit ears were kept in a pure oxygen chamber for 5 minutes, then we slowly boosted the pressure of the chamber for 10 minutes. We dynamically monitored the pressure of the chamber with a pressure detector and stabilized the pressure for 60 minutes when it rose to 0.1 MPa (2 atm), then slowly decompressed it and took the ears out of the chamber 15 minutes after. HBO was carried out every day at the same time among the experimental group. Group 7d were treated with HBO for 7 days, group 14d received HBO for 14 days, and group 21d with HBO treatment 21 days, group 28d with 28 days. The control group was placed in an atmospheric pressure environment, with no treatment and healing by itself. While the others were made for transmission electrical microscope observation.
| HI index
The vertical distance of the ear from the rabbit ear cartilage to the highest point of the scar in the rabbit ear scar was measured by vernier caliper, which we called number A. The base diameter of rabbit ear scar was number B. Then, A/B value was the HI index, which was measured in each scar.
| HE stain and masson stain
Histomorphological change of scars were observed mainly by hematoxylin-eosin staining, and arrangement of collagen fibrils were observed by Masson staining.
| Immunohistochemical method
The expression of bax, bcl-2, and the cell apoptosis rate was detected by immunohistochemical method of SP immunohistochemistry, under the light microscope, negative cells are stained blue while the cytoplasm or nucleus of immunoreactive cells are stained brown.
| Electrical microscope observation
Ultrastructural changes especially the nuclei and collagen fibrils of cells were observed by transmission electron microscopy. 
| Statistical analysis
HI mean, expression of Bax, bcl-2, and the rate of cell apoptosis of the two groups were statistically analyzed by single factor analysis of variance with SPSS17.0 (SPSS Inc., Chicago, IL, USA). P < .05 for the difference was statistically significant.
| RESULTS
| Morphological observation
Wound gradually formed different degrees of scar hyperplasia after epithelialization in the experimental group and the control group; the scar in the experimental group was significantly less than that in the control group. The hypertrophy of the control group was hard, congestive, and fuchsia and higher than the skin surface and more obvious than the experimental group ( Figure 1 ).
| HE staining results
There were more hyperplasia capillary and fibroblasts in the control group, of which the nuclear was bigger and the collagen fibers are dense and thick, relatively to the experimental group (Figure 2 ).
| Masson staining results
Collagen of control group is coarse, tortuous, arranged disorder, also the collagen fiber and muscle fibers mixed together, where other cells can be rarely seen. In the experimental group, the collagen in the scar tissue gradually tapering, arranged in an orderly manner as the number of treatment days with HBO increased (Figure 3 ).
| Hypertrophy index
The results of HI group in experimental group and control group are shown in Table 1 . The HI values in the 7th to 28th day groups were lower than those in the control group (P < .05). The HI value of 7-, 14-, 21-day group decreased gradually with the prolongation of HBO treatment time, the difference was statistically significant (P < .05). There was no significant difference between the 21-day group and the 28-day group (P > .05). The expression of bax in the experimental group was significantly higher than that in the control group (Table 2 and Figure 4a -e), the difference was statistically significant (P < .05). About the comparison between groups, 7d group, 21d group, in 21d group the difference was statistically significant (P < .05). There was no significant difference between the 21d group and the 28d group (P > .05).
T A B L E 1
The expression of bcl-2 was significantly down-regulated in each group (Table 3 and Figure 5a -e), the difference was statistically significant (P < .05). About the comparison between 7d groups,14d
groups, and 21d groups, the difference was statistically significant (P < .05). There was no significant difference between the 21d group and the 28d group (P > .05).
The control group had only a small amount of apoptotic cells, from the beginning of the experimental group, the rats in the 7d group, the 14d group, and the 21d group increased in turn, and reached the peak in 21d group (Table 4 and Figure 6a -f). The difference was statistically significant (P < .05). While the difference between 28d group and 21d group was not statistically significant
(E) Comparison between groups: *compare with the previous group P < .05; **compare with the previous group P > .05.
| Transmission electron microscopy
Numbers of dense nuclei and large amount of collagen fibrils in the cytoplasm were observed under transmission electron microscope in the control group (Figure 6a-e) . The microscopic findings of the 7d group were similar to those of the control group, except that the number of nuclei and the number of collagen fibers were reduced.
Nuclear division in the 14-day group is relatively rare and more mature collagen fibers can be found. 21d group and 28d group were approximately close in the microscope. Cytoplasm can be seen within the organelles loose, collagen fibers mature, arranged in order ( Figure 7 ).
| DISCUSSION
| Expression of bax and bcl-2 in hyperbaric oxygen and scar model
Apoptosis is a regulatory mechanism in which human tissue cells maintain a stable balance of the environment. It is conducive to individual growth, development and rapid removing aging and damaged cells when exogenous stress happen. 4, 5 Apoptosis is one of the basic mechanisms by which the organism can cope with various complex problems, and its abnormal regulation can lead to many metabolic disorders and abnormalities. 6, 7 The specific mechanism of apoptosis
is not yet fully understood; it may be controlled by multiple proteins regulated by apoptosis-related genes and is the result of a combination of a number of promoting factors and inhibitory factors. genes to promote apoptosis. 9 The expression product of the Bcl-2 (9400) gene is an endometrial protein component that is widely present in a variety of tissue cells, which can be widely distributed in the various ultrastructure of organelles. Bax protein is a soluble molecular structure, mainly located in the cytoplasm, and has homology with Bcl-2 protein. 10 Both Bcl-2 and Bax can exist in the form of homodimers, and they can also form heterodimers. Cells with a small amount of Bax require only low levels of Bcl-2 to form the Bcl-2-Bax complex, which is strictly stoichiometrically, thereby stopping the occurrence of apoptosis. 11 The expression of Bcl-2 protein can be found to be significantly reduced in various complex refractory skin ulcers, while the expression of Bax protein is abnormally enhanced, resulting in increased cell apoptosis, delayed wound healing, etc. Therefore, Bax and Bcl-2 two proteins regulate each other; the synergistic effect of both on the maintenance of structural
F I G U R E 7 A, control group under transmission electron microscopy (94000); B, 7d group under transmission electron microscopy (94000); C, 7d group under transmission electron microscopy (930 000); D, 14d group under transmission electron microscopy (94000); E, 21d group under transmission electron microscopy (920 000); F, 21d group under transmission electron microscopy (94000); G, 28d group under transmission electron microscopy (94000); H, 28d group under transmission electron microscopy (920 000) function of the body and posttraumatic repair, has a very important role. 12 Recent studies suggest that Bcl-2 and Bax apoptosis-related genes are involved in the regulation of proliferative paralysis and that apoptosis or slowing down apoptosis may be one of the causes of proliferative paralysis. 
| Apoptosis rate measured by tunel method
When DNA is double-stranded, or a series of deoxyribonucleotides of the deoxyribonucleic acid produced by the presence of a gap in a chain, the number of apoptotic cells can be measured as a marker.
Such methods are generally referred to as Deoxy Ribo Nucleotidyl
Transferase-mediated nick end labeling (TUNEL).
As normal or proliferating cells are almost free of DNA breaks, they do not form 3 0 -OH, so they are rarely stained. TUNEL or nick translation is actually a combination of molecular biology and morphology. 14, 15 It can dye a single apoptotic nucleus or apoptotic bodies, so it can accurately respond to cell apoptosis, and thus has been widely used in the study of apoptosis.
In this study, we found that hyperbaric oxygen can induce apoptosis by measuring the Bax/Bcl-2 ratio, but accurate quantitative cell apoptosis rate cannot be completed acquired only by the level of expression. The TUNEL kit can be more accurate to find the cell apoptosis fragment.
The difference of the apoptotic rate between the experimental group 7d, 14d, 21d, and 28d was statistically significant compared with the control group, which further confirmed that hyperbaric oxygen could increase the apoptotic rate. Compared with the experimental group, the difference between the two groups was statistically significant at 7d, 14d, and 21d, suggesting that the effect of hyperbaric oxygen on the apoptotic rate was proportional to the time of action in 21 days, but further prolonged, 21d group and 28d group had no statistically significant, suggesting that hyperbaric oxygen to promote the role of apoptosis did not continue to increase, but reached a peak, the specific mechanism and whether to continue to increase with time to be further confirmed.
| Different scales of scar models under transmission electron microscopy
Transmission electron microscopy Figure 7 can see less than 0.2um of the fine structure, which was known as sub-microstructure or ultra structure. In the previous study, we found that cell necrosis is closely related to oxygen supply, and mitochondria are the most sensitive cell organelle to oxygen supply. Mitochondrial disintegration is particularly obvious in cell necrosis. 16 In this study, we found that in the control group, the nucleus mitotic and proliferative phenomena were obvious, the naive nuclei were more, and the collagen fibers were obvious in the cytoplasm.
The nuclei split phase gradually decreased with the prolongation of hyperbaric oxygen therapy in the experimental group, the cytoplasm of the organelles appear to be ordered, the amount of collagen fibrils was significantly reduced, and gradually visible neat collagen fibers.
There was no significant difference between mitochondria and endoplasmic reticulum. As there is no clear quantification of this observation, we only observed the trend of changes in cell structure with the hyperbaric oxygen time gradually extended, and so we can only provide a certain degree of emotional material to obtain quantitative statistics for the future, which is a shortcoming of this experiment.
In conclusion, the observation time of rabbit ear scar was 4 weeks, which indicated that HBO could inhibit the pathological scar repair in the early stage of wound repair and scar formation.
The possible mechanism is that it can up-regulate the ratio of Bax/ Bcl-2 and increase the rate of apoptosis. However, whether there are other deeper mechanisms and are still effective in the formation of late scars HBO is worthy of further study.
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